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ABSTRACT 

A comprehensive study on compactness has been carried out on the 2dF Galaxy Group 
Catalogue constructed by Merchan & Zandivarez. The compactness indexes defined 
in this work take into account different geometrical constraints in order to explore a 
wide range of possibilities. Our results show that there is no clear distinction between 
groups with high and low level of compactness when considering particular properties 
as the radial velocity dispersion, the relative fraction of galaxies per spectral type and 
luminosity functions of their galaxy members. 

Studying the trend of the fraction of galaxies per spectral type as a function of the 
dimensionless crossing time some signs of dynamical evolution are observed. From the 
comparison with previous works on compactness we realize that special care should be 
taken into account for some compactness criteria definitions in order to avoid possible 
biases in the identification. 

Key vifords: galaxies: clusters: general - galaxies: statistics. 



1 INTRODUCTION 

Compact groups (CGs) are small systems of a few galax- 
ies which are in close proximity one another. Their are ex- 
cellent laboratories for studying galaxy interactions and, in 
particular, merging processes. Given their high galaxy den- 
sity (equivalent to those at the centers of rich clusters) and 
small velocity dispersion (~ 200km s~^), CG members are 
expected to finally merge into one giant elliptical galaxy 
within a few short crossing times. 

Historically, CGs were of interest because of the obvi- 
ous distortion of many of their member galaxies. The first 
systematic seek for CGs was pioneered by Rose (1977), us- 
ing a surface number density contrast procedure. The most 
widely analysed samples are the Hickson Compact Groups 
(HCGs) (Hickson 1982, Hickson 1997), which have been se- 
lected on the basis of population, isolation (avoiding cores 
of rich clusters) and compactness. Their compactness crite- 
ria involve the computation of the mean surface brightness 
of a group which should be lesser than a maximun limit. 
This mean was calculated distributing the flux of the mem- 
ber galaxies over the circular area containing their geometric 
centers. Previous samples have been visually selected, and 
thus reflect some of the systematic biases intrinsic to bidi- 
mensional identiflcation of systems. A geometric bias arise 
because prolate systems along the line of sight will be pref- 



erentially selected. A kinematic bias could enhance the se- 
lection of systems which are in a transient compact con- 
flguration due to galaxy internal motions. Mamon (1986) 
has suggested that about half of HCGs are superpositions 
of galaxies within loose groups (hereafter LGs). This sug- 
gestion could imply that groups properties in any particular 
sample may be strongly influenced by the criteria used to 
define the sample. Another important clue in order to test 
the compact groups environment is the color of their galaxy 
members. It is well known that elliptical galaxies recently 
formed from mergers of spiral galaxies should be bluer than 
normal elliptical galaxies. This kind of interactions should 
be more frecuently observed in a compact group environ- 
ment. Nervertheless, a study on galaxy members of HCGs 
made by Zepf, Whitmore & Levinson (1991) have show that 
most of the early-type galaxies have optical colors indistin- 
guishable form those of elliptical galaxies in other environ- 
ments. Furthermore, there is evidence of a strange absence 
of strong signs of interactions, strong radio sources or far 
infrared radiation emission, etc. (Menon 1995, Pildis, Breg- 
man & Schombert 1995, Sulentic 1997). Recently, Tovmas- 
sian. Yam & Tiersch (2001) and Tovmassian (2001) presents 
new evidence that indicates that almost all HCGs are dy- 
namically associated generally with elongated LGs which 
are distributed along the elongation of the corresponding 
groups, suggesting that the HCGs are the compact cores of 
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Figure 1. The median mean nearest neighbour separation (Rnn) 
(upper panel) and the median virial radius (Ryir) (lower panel) 
as a function of rcdshift (filled circles) superimposed to the real 
data (dots) distribution. 




(a) (b) 

Figure 2. Example (a): Possible configuration of binary galaxy 
members of a group separated one another by large distances. 
Example (b) : Configuration of the group galaxy members showing 
the possibility to find a loose group with a central concentration 
of galaxies. 



the latter. Consequently, an important question about the 
real nature of CGs arise: are CGs a distinct class by them- 
selves or are extreme examples of systems having a particu- 
lar range of galaxy density and population. 

This question can be addressed studying the spatial dis- 
tribution and environment of CGs. However, estimating the 
velocity dispersion and physical separations of galaxies in 
groups with a small number of galaxies is highly uncertain. 
Meaningful conclusions on dynamical properties about sys- 
tems containing only four or five galaxies requires statistical 
analysis of large homogeneous samples. 

In order to overcome these biases, it has recently be- 
come feasible to find CGs using automatic identification. 




Figure 3. Upper left panel: Scatter plot of the normalized mean 
nearest neighbour separation of group members in the 2dFGGC 

versus the normalized virial radius. Upper right panel: Distribu- 
tion of the normalized mean nearest neighbour separation. Lower 
right panel: Distribution of the normalized virial radius. Lower 
left panel: Distribution of the compactness index 1 (CIi) defined 
in section 3 for groups in the 2dFGGC. 



Such a procedure has the advantage of generate a sample 
that is homogeneous and complete within the criteria speci- 
fied for the search. Barton et al. (1996) have used a selection 
criteria (fricnds-of-fricnds algorithm) based only on physical 
extent and association in redshift space. Eventhough Hick- 
son's isolation criteria is not present at all in Barton's work, 
this technique is more effective in finding groups in regions 
of higher galaxy density because foreground and background 
galaxies arc automatically eliminated by the velocity selec- 
tion criteria. Other automatic algorithm for the selection of 
CGs from large galaxy catalogues has been developed by 
lovino et al. (1999). The algorithm is such as to maximize 
the probability that the groups selected are physically re- 
lated and partially reproduces the criteria used in the vi- 
sual search by Hickson (1982), where his isolation criteria is 
slightly relaxed. 

Since it is very difficult to identify compact groups at high 
redshifts, more reliable results can be obtained restricting 
the analysis to low redshift samples. Under this constraint 
applied on the Updated Zwicky Catalogue, Focardi & Kelm 
(2002) have shown that triplets are characterized by differ- 
ent properties than that obtained for higher order compact 
groups suggesting the existence of two different galaxy sys- 
tems in the compact group samples. It is therefore of great 
interest to obtain larger and deeper samples of CGs, in or- 
der to put the CGs properties on a statistical basis. This 
will help to work out the controversy around the properties 
of CGs, contradictions that may only be apparent, given our 
still limited knowledge of the nature of these structures. 
Currently, one of the largest group catalogues (here- 
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after 2dFGGC) was constructed by Mcrchan & Zandivarez 
(2002). They have identified groups in the 2dF pubhc lOOK 
data release using a modified Huchra k. Geller (1982) group 
finding algorithm that takes into account 2dF magnitude 
limit and redshift completeness masks. This catalogue con- 
stitutes a large and suitable sample for the study of both, 
processes in group environments and the properties of the 
group population itself. The global effects of group envi- 
ronment on star formation was analysed by Martmez et al 
(2002a) using this catalogue. Dommguoz ct al (2002) pre- 
sented hints toward understanding local environment effects 
on the spectral types of galaxies in groups by studying the 
relative fractions of different spectral types as a function of 
the projected local galaxy density and the group-centric dis- 
tance. Recently, an extensive statistical analysis on galaxy 
luminosity function in groups was carried out by Martmez 
et al (2002b). 

The aim of this work is to perform an analysis on the 
groups in the 2dFGGC by defining new compactness indexes 
which are assigned to every group in the sample. Several 
studies have been made using galaxy spectral type, velocity 
dispersion, luminosity and crossing time as a function of the 
compactness indexes. The outline of this paper is as follows. 
In section 2, we present the 2dF Galaxy Group Catalogue 
(2dFGGC) used throughout this work. Section 3 describes 
the compactness indexes definitions while in section 4 we 
analyse the possible dependence of our indexes with group 
and galaxy properties. Finally, in section 5 we summarize 
our conclusions. 



2 THE 2DFGGC 

Samples of galaxies and groups used in this work are the 
same used by Martmez et al. (2002b) which were constructed 
taking into account a revised version of the masks and mask 
software of the 2dFGRS 100k data release, which includes 
the /I- masks described in CoUess et al. (2001). The group 
catalogue is obtained following the same procedure as de- 
scribed by Merchan & Zandivarez (2002). The finder algo- 
rithm used for group identification is similar to that de- 
veloped by Huchra & Geller (1982) but modified in order 
to take into account redshift completeness, magnitude limit 
and the magnitude completeness mask (/i-mask) present on 
the current release of galaxies. The revised group catalogue 
comprises a total number of 2198 galaxy groups with at 
least 4 members and mean radial velocities in the range 
900 km s"^ < V < 75000 km s'^ These groups have a mean 
velocity dispersion of 265 km , a mean virial mass of 
9.1 X 10" ft-^ Mq and a mean virial radius of 1.15 ^Mpc. 
Throughout this work we adopted the cosmological model 
Q.0 = 0.3 and f^A = 0.7. 
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Figure 4. Scatter plot of the CI\ versus redshift completeness 
(upper panel) and redshift (lower panel). 
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Figure 5. Scatter plot of the CI2 versus redshift completeness 
(upper panel) and redshift (lower panel). 



3 COMPACTNESS INDEX DEFINITIONS 

The selection criteria used by Merchan & Zandivarez (2002) 
based on adaptable linking length parameters allow the iden- 
tification of galaxy systems indcpoiidoiitly of compactness. 
We propose two quantities which measure the level of com- 
pactness for groups in the 2dFGGC. These quantities are 
based on geometrical criteria and their application upon a 



group catalogue identified in redshift space provides a sam- 
ple which is not constrained by the usual compactness se- 
lection criteria. The first index is defined using the mean 
nearest projected neighbour separation of galaxies in groups 
R„n- This quantity is normalized to the mean of Rnn for 
groups in a given bin of redshift (Rnn){z) where the size 
of the redshift bin is ~ 0.018. This normalization is impor- 
tant in order to avoid a redshift dependence of this param- 
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Figure 6. Scatter plot of CIi versus Cl2- Inset upper left plot shows the scatter plot of N n^^^ versus Rnn/{Rnn)- The upper 
and lower right panels show two different groups projected on the sky with low values of CIi and Cl2- In these plots, the outer circle 
corresponds to the Ryir and the inner circle to Ryir/2. 



eter since we are working with a magnitude limited sample; 
thus the mean nearest projected neighbour separation in- 
creases its value with redshift (see upper panel of Figure 
|l|). Nevertheless, this ratio is not enough to characterize the 
compactness of a group. For instance, a group formed by 
a set of binaries separated one another by large distances 
would have a small value of i?„„ (see example (a) of Fig- 
ure Attempting to improve our definition we introduce 
a virial radius R^ir dependence. This parameter is also con- 
veniently normalized to the redshift dependent mean virial 
radius {Rvir){z). Median values, for redshift bin, of Rvir as 
a function of 2 are shown in the lower panel of Figure |l| 
Consequently, the compactness index is defined by 



Rn 



(1) 



{R„n){z) {Rvir){z) 

In Figure ^ we observe the distribution of both parame- 
ters involved in the C7i definition. Upper and lower right 
panels show the normalized distributions of each ratio. The 
similarity of both distributions implies that neither of them 
is the dominant term in the compactness index definition. 
Upper left panel of Figure ^ shows the scatter plot for the 
two ratios, indicating the importance of using both param- 
eters to define the compactness index. The Ch distribution 
is plotted in the lower left panel of this figure. The groups 



related with a high level of compactness have the lowest 
values of CIi, whereas very loose groups belong to the tail 
of the distribution. As stated above our compactness def- 
inition avoids any redshift dependence. This fact is shown 
in Figure ^ (lower panel) where an uniform distribution is 
observed for the scatter plot of CIi versus z. Given the sta- 
tus of the current release of the 2dF galaxy redshift survey, 
it should be taken into account a possible dependence of 
CIi on the level of completeness of each group in the par- 
ent catalogue {R{a,5)). In the upper panel of Figure ^ we 
display the scatter plot of R{a,5) vs CIi. This plot shows 
a total lack of correlation between the compactness index 
and the redshift completeness of groups. Moreover, most of 
the groups show a high level of completeness which provides 
confidence to our study. 

As mentioned in section 1, finding compact groups 
within loose groups is a possible scenario. In order to take 
into account this possibility, we define a new index which 
is able to identify this particularity. The second index mea- 
sures the ratio of the number of galaxies enclosed in J?„ir/2 
to those within (see example (b) of Figure |^ . As be- 

fore, this ratio is a measure of the core concentration regard- 
less of the size of the system. Consequently, and keeping in 
mind that higher ratios imply higher central concentration 
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Figure 7. Four examples of groups with high level of compactness for both indexes. The left panels shows the projection of equatorial 
coordinates in the sky. The distance units are in h^^ Mpc and are measured from the group center of mass. The right panels shows 
the images taken from The SuperCOSMOS Sky Survey (Hambly et al. 2001) of 4 minutes of arc per side. The central panels shows the 
group projections in declination versus radial velocity. 
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in groups, we divide this parameter by the normalized virial 
ratio defined for index C/i. Therefore, the second compact- 
ness index is 



Ch 



N 



(Rvir \ 
{Rvrr){z)) 



(2) 



A similar analysis as the one made for CI\ shows that 
the second compactness index CI2 depends neither on red- 
shift nor on parent catalogue cornpleteness (Figure |^. Fur- 
thermore, upper panel of Figure fa shows that most groups 
with high level of compactness (C/2 > 2) have the highest 
level of completeness. To study a possible correlation be- 
tween both indexes we show in Figure ^ the scatter plot of 
C/i versus C/2. From this plot we observe that the groups 
in the lower left corner have a high level of compactness 
for C/i whereas qualify as loose groups according to C/2- 
Two examples of groups with 6 and 8 galaxy members are 
shown in the inset right plots of Figure ^. None of the ex- 
amples shows a core concentration which implies a low C/2 
value, while the small mean nearest neighbour separations 
of galaxies are the main responsible for the low values of 
C/i. These facts imply that a group with a high level of 
compactness for C/2 is also compact for C/i. On the other 
hand small values for C/i do not guarantee high values of 
C/2. Nevertheless, C/i is a better discriminator of non cen- 
tral galaxy concentrations within a group. In the inset left 
plot of Figure ^ we show the scatter plot of the compact- 
ness indexes without the normalized virial radius observing 
that the particular envelope in the main figure is due to this 
ratio. 

As an example of groups characterized by a high level 
of compactness for both indexes we show in Figure ^ four of 
these systems. The left panels show the projection of galaxy 
members on the sky, where the physical distances are re- 
ferred to the center of mass of the system. These projections 
can be directly correlated with the optical images shown in 
right panels. Central panels display the declination-radial 
velocity projection of groups. Previous plots show that the 
observed galaxy members are restricted to a small range in 
redshift space (~ 800km s"^). 



4 ANALYSING GROUPS WITH CI 

In the following analysis we study group and galaxy prop- 
erties for group subsamples defined by their compactness 
indexes. We have chosen the following criteria: 

• High level of compactness: C/i < 0.5 or C/2 > 1.5 

• Low level of compactness: C/i > 2.0 or C/2 < 0.8. 

obtaining 451 (~ 25%) and 240 (~ 13%) groups with high 
level of compactness meanwhile the low level of compactness 
samples comprise 387 (~ 21%) and 690 (~ 38%) groups re- 
spectively. These limits were chosen to deal with the tails 
of the compactness index distributions while keeping an 
amount of groups large enough to obtain a reliable statistics. 

The redshift distributions of groups with low and high 
level of compactness for both indexes are plotted in upper 
and central panels of Figure ^. We observe quite similar 
redshift distributions for high and low level of compactness 
irrespectively of the index used in the selection. 




Figure 8. Redshift normalized distribution of groups with high 
(upper panel) and low (central panel) level of compactness for 
both indexes (see labels) . The lower panel shows the redshift nor- 
malized distribution of the group sample depending on the num- 
ber of galaxy members. 




Figure 9. Distribution of the compactness indexes for subsam- 
ples defined by velocity dispersion (upper panels) and number of 
members (lower panels). 
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Figure 10. Velocity dispersion distributions for subsamples with 
high and low level of compactness. Upper panel corresponds to 
CIi, whereas lower panel displays distributions for Cl2- The nor- 
malization factor Ntot is the total number of groups in each sub- 
sample. 



4.1 Radial velocity dispersion and galaxy 
members 

We look for any possible relation linking compactness in- 
dexes C/i and CI2, group velocity dispersion and group 
member richness. In analysing radial velocity dispersion de- 
pendence we split the group sample in two subsamples with 
(Jr < 300km s~^ and ar > 300km s~^ obtaining roughly the 
same number of groups in both subsamples. The obtained 
normalized continuous distributions for CIi and CI2 are 
plotted in the upper panels of Figure |[ From these plots 
we observe that velocity dispersion does not discriminate 
levels of compactness of groups in the 2dFGGC. The ve- 
locity dispersion limit is not a critical issue, we have ob- 
tained the same results varying the adopted cut-off from 
ar = 200km s"^ to 400km s"^ 

We use a similar criteria to analyse a possible depen- 
dence of group galaxy members on compactness. In this 
case, we split the group sample in two subsamples with 
Nm < 6 and Nm > 6 and plot the normalized distributions 
in the lower panels of Figure ^. Both distributions show 
that groups with high level of compactness have typically a 
small number of members. From our analysis it is not clear 
whether this is a consequence of our definitions of compact- 
ness or a real physical phenomena. These results are not 
biased by any possible redshift dependence as can be ob- 
served in the lower panel of Figure |8[ where we plot the red- 
shift distribution of the subsamples defined by Nm < 6 and 
Nm > 6. We also observe that when increasing the galaxy 
member limit Nm, the results hold. Nevertheless by doing 
so the richer group sample becomes statistically poor. 

As a complementary test, and using the samples de- 



fined at the beginning of this section, we plot the measured 
radial velocity dispersion distributions. These distributions 
are shown in Figure ^ where continuous line corresponds 
to the sample with high level of compactness while dashed 
line refers to the loose group sample. It can be seen that the 
normalized distributions (in both panels) are quite similar 
showing a mean radial velocity dispersion of ~ 200km s^^. 
This result is in agreement with the previously obtained by 
Hickson (1997), where characteristic velocity dispersion of 
compact groups is quite similar to that obtained for loose 
ones. This agreement is not obvious since our definition of 
compactness is very different to the one defined by Hickson. 



4.2 Galaxy spectral type 

The following analysis is performed using the classification of 
galaxies defined by Madgwick et al. (2002) according to their 
spectral type. This classification is based on the rj parameter 
which is very tightly correlated with the equivalent width 
of Ha emission line, correlates well with morphology and 
can be interpreted as a measure of the relative current star- 
formation present in each galaxy. The four spectral types 
are defined as: 



• Type 1 

• Type 2 

• Type 3 

• Type 4 



V < -1-4, 
-lA<ri< 1.1, 
l.l <ri< 3.5, 
r?> 3.5. 



The Type 1 class is characterised by an old stellar popu- 
lation and strong absorption features, the Types 2 and 3 
comprise spiral galaxies with increasing star formation, fi- 
nally the Type 4 class is dominated by particularly active 
galaxies such as starburst. 

Recently, using the 2dFGGC, Martmez et al. (2002a) 
obtained a strong correlation between the relative fraction 
of galaxies with high star formation (Type 4) and the par- 
ent group virial mass. They found that even in the environ- 
ment of groups with low virial masses (M ~ 10^'^ -^^0) the 
star formation of their member galaxies is significantly sup- 
pressed. Another study with relative fraction of galaxy spec- 
tral types in the 2dFGGC was performed by Dommguez et 
al. (2002). They found a clear distinction between high virial 
mass groups {Mv ^ 10^^'^ Mq) and the less massive ones. 
While the massive groups show a significant dependence of 
the relative fraction of low star formation galaxies on local 
galaxy density and group-centric radius, groups with lower 
masses show no significant trends. 

Following the study on possible dependences of the 
galaxy spectral type fractions on the environment, we study 
here the behaviour of this fractions as a function of the pre- 
viously defined compactness indexes CIi and C/2. In figure 
0and|l| we display galaxy fractions per spectral type as a 
function of C/i and Ch- Error bars were estimated by the 
bootstrap resampling technique. No statistically significant 
trends of the fraction of spectral types on the compactness 
are appreciated. 



4.3 Luminosity function of galaxies in groups 

A possible infiuence of compactness on the luminosity of 
galaxies could be studied using the luminosity functions 
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Figure 11. Fraction of galaxies per spectral type as a function of 
CIi. Error bars were estimated by the bootstrap resampling tech- 
nique. Dotted line correspond to Type 1 galaxies, short-dashed 
line to Type 2, long-dashed to Type 3 and dot-dashed to Type 4. 
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Figure 12. Fraction of galaxies per spectral type as a function of 
Cl2- Error bars were estimated by the bootstrap resampling tech- 
nique. Dotted line correspond to Type 1 galaxies, short-dashed 
line to Type 2, long-dashed to Type 3 and dot-dashed to Type 4. 



(LF) of galaxies in groups by defining two subsamples ac- 
cording to the level of compactness. The high level of com- 
pactness samples is defined by C/i < 0.5, CI2 > 1.2, 
whereas the loose samples comprise groups with C/i > 2.0, 
CI2 < 0.55. These limits are chosen in order to obtain sam- 
ples with a large number of galaxies suitable for our compu- 
tation. 

In this work we use, the C~ method (Lynden-Bell 
1971) to make a non parametric determination of the LF. 
This method is the best estimator to measure the LF and 
is the less affected by the faint end slope of a Schechter 
parametrisation or the sample size (Willmer 1997). As a 
comparative rule we also use the STY (Sandage, Tam- 
mann & Yahil 1979) maximum likelihood Schechter fit to 
the LF of the whole group sample determined by Martinez 
et al (2002b). These authors found that the corresponding 
best fit Schechter parameters are a — —1.13 ± 0.02 and 
M* — 51og(/i) = —19.90 ± 0.03, which are quite consistent 
with the results by Norberg et al. (2001) for field galaxies. 

The adopted C~ method estimator is the same as the 
used by Martinez et al. (2002b). This method is the ver- 
sion of Choloniewski (1987) developed in an attempt to es- 
timate both, the shape and normalization of the luminosity 
function. The LF is obtained by differentiating the cumula- 
tive LF, *(M). The function X{M) defined as the observed 
density of galaxies with absolute magnitude brighter than 
Al, represents only an undersampling of the '^'{M). Linden- 
Bell has defined a quantity C(M) as the number of galaxies 
brighter than M which could have been observed if their 
magnitude were M. This quantity represents a subsample 
of X{M) and compensates for the undersampling. Taking 
into account the sky coverage of the 2dF present release, 
the differential LF can be written as 

p ^AfiS[Af,A/+AA/l _ 



{$(M)) 
where 



AM 




Ci + Wi 



i+i 



(3) 



(4) 



(5) 



and R{a, S) is the redshift completeness of the parent cata- 
logue. Ck = C~ (Mk) is defined as C{M) but excluding the 
object k itself and weighting each object by w which is the 
inverse of the magnitude-dependent redshift completeness 
(Norberg et al. 2002, Martinez et al. 2002b). 

In Figure |l^ we show the luminosity functions for galax- 
ies in groups in arbitrary units. Absolute magnitudes are 
computed using the k + e mean correction for galaxies in 
the 2dFGRS as derived by Norberg et al. (2002). Error bars 
are estimated using 10 mock catalogues constructed from 
numerical simulations of a cold dark matter universe accord- 
ing to the cosmological model adopted in this work with a 
Hubble constant h = 0.7 and a relative mass fiuctuation 
erg = 0.9. These simulations were performed using 128^ par- 
ticles in a cubic comovin g v olume of 180/i~^Mpc per side. 
In the left panel of Figure ha, filled circles correspond to the 
LF of galaxies in groups with high level of compactness us- 
ing C/i, while the open circles represent the LF for the very 
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Figure 13. Luminosity functions of galaxies in groups. The 
groups are separated in high (filled circles) and low (open circles) 
compactness using the CIi (left panel) and CI2 (right panel). The 
solid line shows the STY fit obtained by Martmez et al. (2002b) 
for the whole sample of galaxies in groups. 



loose groups with the same index. The right panel shows 
the analogous LF using CI2 as compactness discriminator. 
In both panels, solid line shows the STY best fit to the 
LF for the overall sample of galaxies in groups obtained by 
Martmez et al. (2002b) which corresponds to the Schechter 
parameters M* = -19.90±0.03 and a = -1.13±0.02. From 
this figure we observe that the resulting LF's are insensitive 
to the level of compactness of groups when comparing with 
the whole sample. 



4.4 The dimensionless crossing time 

In order to consider a possible level of dynamical evolution of 
galaxy systems we compute the dimensionless crossing time 
as used by Hickson et al. (1992). This particular timescale, 
Hotc, is the ratio of the crossing time to the approximate 
age of the universe, and is defined by 

Hot. ^ X ^ (6) 

where A is the mean projected galaxy separation in groups 
and a is the 3-dimensional velocity dispersion {a — \/3o"r). 
The dimensionless crossing time may reflect dynamical evo- 
lution since its inverse is roughly the maximun number of 
times that a galaxy could have traversed the group since its 
formation. 

Computing the crossing time for group having CI2 > 

1.5 we obtain the range 0.017 H^^ to 0.25 H^^ with a mean 
value of ~ 0.09. This value is significantly higher than the 
one obtained by Hickson et al. (1992). Their compact group 
sample shows typically smaller crossing time values mainly 
due to small values of the mean galaxy-galaxy separation 



A. A possible explanation could arise from the suggestion 
that many compact groups could be the cores of larger ones. 
Many studies have been carried out about this possibil- 
ity (Mammon 1986, Tovmassian et al. 2001) obtaining that 
most of the groups identified as compact are the central re- 
gion of larger groups. This kind of misidentification could 
be a very important source of bias in the study of compact 
groups. In order to quantify this problem we compute the 
fraction of groups with high central concentrations within 
larger groups using our catalogue. Seeking for groups with 
ratio Nj{^.^/2/Nr^.^ > 0.9 in larger groups we obtain that 
roughly the 70% of these groups are characterised by a high 
central concentration. Consequently, this kind of bias can be 
the explanation for the small crossing time values obtained 
for Hickson's sample. 

Finally, we intended to search for a possible dependence 
of the fraction of galaxies per spectral type on the dimen- 
sionless crossing time. Figure hj shows the trends obtained 
for the four spectral types defined in subsection 4.2. A slight 
increase of the Type 4 fraction of galaxies with the Hotc can 
be observed, meanwhile an opposite trend is shown by Type 
2 galaxies. Even when this result is not highly significant, 
a possible dynamical evolution is suggested. Such evolution 
would consist in the conversion of late type galaxies to earlier 
ones by dynamical processes such as mergers. More signifi- 
cant results have been obtained by Domfnguez et al. (2002) 
analysing the spectral type vs local galaxy density relation 
specially for subsamples of groups with high virial masses 
using the same catalogue. We should remark that these re- 
sults are almost independent of the level of compactness of 
galaxy groups. A similar analysis developed for a sample of 
nearby compact groups by Focardi & Kelm (2002) have also 
shown signs of evolution of spectral content in the relation 
morphology-velocity dispersion mainly for low multiplicity 
compact groups (see Figure 9 in their work). 



5 DISCUSSION AND CONCLUSIONS 

In this work we report a statistical compactness analysis us- 
ing the catalogue of galaxy groups constructed by Merchan 

6 Zandivarez (2002). Given the size of the original sample 
and 3-dimensional information our study intend to charac- 
terize groups of galaxies according to the level of compact- 
ness and analyse its influence on groups and galaxy mem- 
bers. For this purpose, we deflne two new compactness in- 
dexes based on geometrical criteria. Whereas index CIi pri- 
oritizes the distance to the nearest neighbour and the size 
of the system (eq. 1), index C/2 enhances a possible core 
concentration in the system (eq. 2). Special cares have been 
taken over the construction of these indexes in order to avoid 
possible dependences on redshift and redshift completeness 
of the parent catalogue (Figures ^ and|^. 

With this characterization, we develop a wide analysis 
over many physical properties of groups and galaxy mem- 
bers. First, we observe that the compactness indexes distri- 
bution shows identical behaviours when the group sample is 
split for low ((Jr < 300km s~^) and high [ar > 300km s~^) 
velocity dispersion. Furthermore, we observe that groups 
with high and low levels of compactness show the same 
normalized radial velocity dispersion distributions with a 
mean of ~ 200km s~^. This result is consistent with pre- 
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Figure 14. Fraction of galaxies per spectral type as a function 
of the dimensionless crossing time. 

vious ones which reflect that the mean velocity dispersion 
of compact groups is quite similar to that found for loose 
groups (Hickson et al. 1992). Analysing the dependence of 
group compactness with numerical richness we observe that 
groups with high level of compactness have typically a low 
number of galaxy members, while most of the loose groups 
are characterized by a larger number of galaxy members. 

On the other hand, another study has been made about 
the fraction of galaxies per spectral type and lumino sity as 
a function of the two compactness indexes (Figures 111 M 
and |l^ . Our results do not show any particular correlation 
between the above parameters and the compactness level for 
groups in the sample. 

The similar behaviour observed in groups with high 
level of compactness and loose ones probably suggests that 
this distinction is not fundamental. This result is sup- 
ported by previous works which state an indistinguishable 
behaviour between compact and loose groups showing that 
many compact groups are located within overdense environ- 
ments (de Carvalho et al. 1997, Barton et al. 1998, Zabludoff 
& Mulchaey 1998). Furthermore, an analysis on X-ray prop- 
erties of groups shows that it is impossible to separate loose 
and compact groups on the luminosity-temperature relation, 
the luminosity- velocity dispersion relation or in the velocity 
dispersion-temperature relation stating that a more useful 
distinction is that between X-ray bright and X-ray faint sys- 
tems (Helsdon & Ponman 2000). 

The mean dimensionless crossing times obtained for 
a sample with high level of compactness is shifted toward 
higher values when comparing to the obtained for a sample 
of compact groups constructed by Hickson et al. (1992). This 
shift could be due to some biases in the compact group iden- 
tification criteria. These biases could imply the detection of 
the cores of larger systems generating smaller dimensionless 
crossing times determinations. 



The last correlation we studied is the fraction of galaxies 
per spectral type as a function of the dimensionless crossing 
time. Eventhough the correlations we found are not signifi- 
cant, it is worth to mention that for Type 2 galaxies, smaller 
is the fraction when higher is the dimensionless crossing time 
and the opposite trend is maintained for Type 4 galaxies. 
This latter result is consistent with the stated by Hickson et 
al. (1992) about groups with smaller crossing times typically 
containing fewer late-type galaxies. 
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